higher-risk group being discharged from the hospital. Conversely, the 2 measures could provide redundant information. If these measures have a strong positive association, then inference could be made that they reflect similar processes and it may not be necessary to measure both. Limited information exists about this relationship, an understanding of which is critical to measurement of quality, 12 and yet questions surrounding an inverse relationship have led to public concerns about the measures. 14 In this study, we investigated the association between hospital-level 30day RSMRs and RSRRs for Medicare feefor-service beneficiaries admitted with AMI, HF, or pneumonia, which are the measures that are publicly reported. We further determined the relationships between these measures for subgroups of hospitals to evaluate if the relationships varied systematically. We also used highest and lowest performance quartiles to examine the percentage of hospitals that had similar performance on both measures for each condition. We hypothesized that these measures convey distinct information and are not strongly correlated and that many hospitals perform better on both measures and worse on both measures, indicating that performance on one measure does not dictate performance on the other.
METHODS

Study Cohort
The study cohorts included hospitalizations of Medicare beneficiaries aged 65 years or older with a principal discharge diagnosis of AMI, HF, or pneumonia as potential index hospitalizations. We used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to identify AMI, HF, and pneumonia discharges between July 1, 2005, and June 30, 2008. 15 We used Medicare hospital inpatient, outpatient, and physician Standard Analytical Files to identify admissions, readmissions, and inpatient and outpatient diagnosis codes and assigned each hospitalization to a disease cohort based on the principal discharge diagnosis. We determined mortality and enrollment status from the Medicare Enrollment Database.
We defined the study samples consistent with CMS methods. 2, [4] [5] [6] [7] [8] We restricted the samples to patients enrolled in fee-for-service Medicare Parts A and B for 12 months before their index hospitalizations to maximize our ability to risk adjust. We excluded patients who left the hospital against medical advice and those who had a length of stay of more than 1 year. The mortality cohorts included 1 randomly selected admission per patient annually. In the mortality cohorts, patients transferred to another acute care hospital were excluded if their principal discharge diagnosis was not the same at both hospitals, as were admissions of individuals enrolled in hospice at admission or at any time in the previous 12 months.
To construct the cohort for the analyses of RSRRs, we included hospitalizations for patients who were discharged alive and who continued in fee-forservice plans for at least 30 days following discharge. Any readmission before a patient's death was counted. Multiple index hospitalizations per patient were included if another index hospitalization occurred at least 30 days after discharge from the prior index hospitalization. The readmission and mortality samples thus, by design, include different, partially overlapping subsets of Medicare patients.
We obtained institutional review board approval through the Yale University Human Investigation Committee.
Hospital 30-Day RSMRs and RSRRs
We estimated hospital 30-day, allcause RSMRs and RSRRs for Medicare patients hospitalized with AMI, HF, and pneumonia at all nonfederal acute care hospitals during 2005-2008 using methods endorsed by the National Quality Forum and used by the CMS in public reporting. We defined 30day mortality as death due to any cause within 30 days of the date of admission and readmission as the occur-rence of 1 or more hospitalizations in any acute care hospital in the United States that participated in fee-forservice Medicare for any cause within 30 days of discharge from an index hospitalization. In the mortality analysis, we linked transfers into a single episode of care with outcomes attributed to the first (transfer-out) hospital. In the readmission analysis, we attributed readmissions to the hospital that discharged the patient to a nonacute setting.
Hospital Characteristics
To examine whether the relationship between RSMR and RSRR was consistent among subgroups of hospitals, we stratified the sample by hospital region, safety-net status, and urban or rural status. We used annual survey data from the American Hospital Association to categorize public or private hospitals as safety-net hospitals if their Medicaid caseload was greater than 1 SD above the mean Medicaid caseload in their respective state, as done in previous analyses of access and quality in safety-net hospitals. 16, 17 We used hospital zip codes to classify hospitals as urban or rural. 18, 19 
Statistical Analysis
We used hierarchical logistic regression models to estimate RSMRs and RSRRs for each hospital. The RSMR models were estimated using a logit link, with the first level adjusted for age, sex, and 25 clinical covariates for AMI, 21 clinical covariates for HF, and 28 clinical covariates for pneumonia. In a similar procedure, the RSRR models were adjusted at the first level for age, sex, and 29 clinical covariates for AMI, 35 clinical covariates for HF, and 38 clinical covariates for pneumonia. We coded covariates from inpatient and outpatient claims during the 12 months before the index admission. The second level of the mortality and readmission models permitted hospital-level random intercepts to vary to identify hospital-specific random effects and account for clustering of patients within the same hospital. 20 With this ap-HOSPITAL PERFORMANCE AND READMISSION AND MORTALITY RATES proach, we separated within-hospital from between-hospital variation after adjusting for patient characteristics.
We calculated means and distributions of hospital RSMRs and RSRRs. We quantified the linear and nonlinear relationship between the 2 estimators. To do so, we determined the Pearson correlation between the estimated RSMRs and RSRRs weighted by the hospital average of RSMR and RSRR volume. The estimators were weighted because each has its own measure of uncertainty, even after shrinkage, which reflects the observed number of cases on which the estimate is based as well as how much within-hospital clustering exists. To identify potential nonlinear relationships between RSMRs and RSRRs for the 3 conditions, we also fitted generalized additive models using RSRR as the dependent variable and a cubic spline smoother of RSMR as the independent variable. We also stratified correlations by the hospital characteristics described.
For each condition, we also classified all hospitals by both RSMR and RSRR as identified by placement within quartiles. We considered hospitals to be higher performers if they were in the lowest quartile of mortality for RSMR and RSRR and lower performers if they were in the highest quartile.
We conducted correlation analyses and calculated means and performance categories using SAS software, version 9.1 (SAS Institute Inc). We used the mgcv package in R to fit generalized additive models.
RESULTS
Study Sample
For AMI, the sample for final analysis consisted of 4506 hospitals with 590 809 admissions for mortality and 586 027 readmissions; for HF, 4767 hospitals with 1 161 179 admissions for mortality and 1 430 030 readmissions; and for pneumonia, 4811 hospitals with 1 225 366 admissions for mortality and 1 297 031 readmissions (TABLE 1) .
RSMRs and RSRRs
The median RSMR was 16.57% for AMI, 11.06% for HF, and 11.46% for pneumonia. The RSMRs ranged from 10.90% to 24.90% for AMI, from 6.60% to 19.85% for HF, and from 6.36% to 21.58% for pneumonia ( Table 1 ). The size of the interquartile ranges was 1.69% for AMI, 1.70% for HF, and 2.29% for pneumonia. The median RSRR was 19.87% for AMI, 24.42% for HF, and 18.09% for pneumonia. The RSRRs ranged from 15.26% to 29.40% for AMI, from 15.94% to 34.35% for HF, and from 13.05% to 27.57% for pneumonia. The size of the interquartile ranges was 0.92% for AMI, 2.25% for HF, and 1.98% for pneumonia.
The Pearson correlation between RSMRs and RSRRs was 0.03 (95% CI, Ϫ0.002 to 0.06) for AMI, Ϫ0.17 (95% CI, Ϫ0.20 to Ϫ0.14) for HF, and 0.002 (95% CI, Ϫ0.03 to 0.03) for pneumonia (FIGURE and TABLE 2). The linear association was statistically significant only for HF. Results from generalized additive models were consistent with these findings, with no apparent relationship between RSMRs and RSRRs for AMI and pneumonia. Although we observed a significant negative linear relationship between RSMRs and RSRRs for HF, the shared variance between RSMRs and RSRRs was only 2.9% (r 2 =0.029). For HF, the relationship was most prominent in the lower range of the RSMR (ie, hospitals with an RSMR Ͻ11%).
In subgroup analyses, the correlations between RSMRs and RSRRs did not differ substantially in any of the subgroups of hospital types, including hospital region, safety net status, and urban/ rural status (Table 2) .
Top Performers
For AMI, 381 hospitals (8.5%) were in the top-performing quartile of both measures, with lower RSMRs and RSRRs; for HF, 259 hospitals (5.4%) were in the top-performing quartile; and for pneumonia, 307 hospitals (6.4%) were in the top-performing quartile for RSMRs and RSRRs. For AMI, 302 hospitals (6.7%) were in the bottomperforming quartile of both measures, with higher RSMRs and RSRRs; for HF, 252 hospitals (5.3%) were in the bottom-performing quartile; and for pneumonia, 344 hospitals (7.2%) were in the bottom-performing quartile for RSMRs and for RSRRs (TABLE 3) .
COMMENT
In a national study of the CMS publicly reported outcomes measures, we failed to find evidence that a hospital's performance on the measure for 30-day RSMR ship between these measures within hospitals. A letter to the editor in a major medical journal identified a potential concern in the relationship between the 2 measures for patients with HF. 12 Our analysis, which is consistent with their report, markedly extends the content of this letter and puts it in perspective with the other measures. The association between the mor-tality and readmission rates was present only for the HF measure and for this condition is quite modest and exists for only a limited range of the measure. Moreover, we show that hospitals can do well on both measures, with many hospitals having low RSMRs and RSRRs. Studies that have produced findings that might be interpreted as suggesting that there should be an in-verse relationship between the measures are not truly discordant with our results. For example, Heidenreich et al, 21 in a study of hospitals within the Veteran Affairs health care system, reported that at the patient level, mortality after an admission for HF declined from 2002 to 2006 while readmission increased. They did not, however, examine changes in individual hospital performance nor investigate the relationship between RSMRs and RSRRs at the hospital level or for other conditions.
As a rationale for our study, there are several plausible reasons to think that there might be a relationship between the measures. Hospitals with lower mortality rates may have been discharging patients who had a greater severity of illness, compared with hospitals with higher mortality rates, in ways that are not accounted for in the risk models. Also, hospitals with higher mortality rates might have had patients die before they could be readmitted, such that high mortality rates caused lower readmission rates. However, our empirical analysis failed to validate this concern. If higher mortality rates did lead to a healthier cohort of survivors and a lower risk of readmission, we would expect to have seen a strong inverse relationship between 30-day RSMR and RSRR across the 3 conditions, as the effect would not have been related to a single diagnosis.
Among the measures, HF alone had an association between mortality and readmission, but the shared variance was small and many hospitals performed well for both HF measures. Many others performed poorly on both measures. Moreover, the relationship was most pronounced among the hospitals at the lower range of the RSMR. The observation that any relationship was noted only for 1 condition suggests that this is not a robust finding that could be applicable across conditions.
The findings are consistent across types of hospitals. For AMI and pneumonia, there is no evidence of a relationship across categories of hospitals defined by teaching status, rural or urban location, or for-profit status. For HF, there is also general consistency, though the inverse relationship is stronger for teaching, for-profit, and urban hospitals.
These findings also suggest that mortality and readmission measures convey distinct information. This observation has face validity because the factors that may be important in mor-tality, including rapid triage as well as early intervention and coordination in the hospital, may not be those that dominantly affect readmission risk. For readmission, factors related to the stress of the hospitalization, transition from inpatient to outpatient care, patient education and support, the availability of outpatient support, and the admission thresholds might play a more important role. In addition, the periods for the 2 measures are different, which may contribute to their differences. Although both measures cover 30 days, the starting times of the outcome periods are different. The period for the mortality measure begins at admission and more than half of the outcomes occur before discharge. The period for the readmission measure begins at hospital discharge and all the events occur after the index hospitalization.
Our results are also consistent with research on predictors of mortality and readmission. Factors that are strong predictors of mortality tend to be weak predictors of readmission, if there is any relationship at all. 2, [4] [5] [6] [7] [8] 22, 23 Mortality risk models with medical record information or claims data have good discrimination and indicate that, in total, clinical factors have a dominant influence on mortality risk. For readmission, models using medical record information or administrative claims have much weaker predictive ability and discrimination, suggesting that readmission risk is not simply the inverse of mortality risk. Some of those unmeasured factors may relate to quality of care. We note that the discrimination and predictive measures characterize model performance at the patient level, whereas our findings are focused on the hospital level-the correlation of the estimated hospital-specific RSMRs and RSRRs. The patient-level risk of readmission is higher than that for mortality but the interquartile ranges are similar in size.
This study has several limitations. First, we assessed overall patterns and cannot exclude the possibility that in some hospitals, performance on one of the measures influences performance on the other. Second, there may be a concern that hierarchical modeling obscures a relationship because many hospitals have lower volume. Despite the use of hierarchical models, which reduce the risk of spurious results, the spread in rates among the hospitals was substantial, indicating that our findings are not the result of minimal variation in performance rates. Moreover, our findings were consistent in large as well as small hospitals as designated by bed size. In addition, we sought to evaluate the measures in use to address a policy-relevant question. Third, our study did not investigate the validity of the measures. We did design the mortality and readmission measures in this study to be measures of quality; the National Quality Forum, which has a rigorous and thorough vetting process with many levels of evaluation, approved them for that purpose; the CMS publicly reports them as quality measures; and the Affordable Care Act incorporates them into incentive programs as quality measures. Nevertheless, some critics may not consider the measures to reflect quality of care, and our study is designed to determine the relationship between the mortality and readmission measures, not to further evaluate their validity.
From a policy perspective, the independence of the measures is important. A strong inverse relationship might have implied that institutions would need to choose which measure to address. Our findings indicate that many institutions do well on mortality and readmission and that performance on one does not dictate performance on the other. 
